The colonial tunicate Didemnum perlucidum has been identified from numerous tropical and temperate locations worldwide, but its native and introduced ranges remain largely unknown. In Australia, D. perlucidum is listed as a target species under the introduced marine pest national monitoring network. In order to investigate the introduced status and potential routes of introduction and dispersal of D. perlucidum, we developed 17 new polymorphic microsatellite markers using 454 shotgun sequencing. Two to six alleles per locus were detected. No evidence of linkage disequilibrium between pairs of loci was identified and 12 of the 17 loci were in Hardy-Weinberg equilibrium.
Introduction
The ascidian Didemnum perlucidum (Monniot, 1983) is a colonial tunicate with a reported worldwide distribution across the Atlantic, Pacific and Indian Oceans (Lambert 2002) . Although D. perlucidum was first described from the island of Guadeloupe in the Caribbean (Monniot 1983) , its native range is unknown. It is thought to have been introduced to many areas including Southern Brazil and Western Australia (WA) where it seems to have become established and has demonstrated invasive characteristics (da Rocha and Monniot 1995; Kremer et al. 2010; Munoz et al. 2015; Smale and Childs 2011) . Didemnum perlucidum was first report in WA in the Swan River, Perth, in 2010 (Smale and Childs 2011) . Since then, it has been found in numerous locations and has been listed as a target species under the introduced marine pest national monitoring network (Bridgwood et al. 2014) .
Defining the status of a species as native or introduced is important as it can influence management decisions, but it is often challenging, particularly within communities which have been under the influence of human intervention (Carlton 1996) . Molecular markers can be used to characterize species diversity at locations, providing important supporting evidence to identify native and introduced ranges, and investigate potential frequency and routes of colonization and dispersal (Rius et al. 2014; Stefaniak et al. 2012) . In the present work we aimed to develop and characterise microsatellite markers to support invasion genetic studies on D. perlucidum.
Materials and methods

Next-generation sequencing
Genomic DNA (2.6 µg) was isolated from a 5 mg tissue sample from a D. perlucidum colony using Table 1 . Primer sequences, GenBank accession numbers, repeat motif, and levels of diversity at 17 microsatellite loci in the tunicate Didemnum perlucidum. Number of alleles (Na), polymorphic information content (PIC), observed heterozygosity (H O ), expected heterozygosity (H E ), probability value from a test for deviation from Hardy-Weinberg Equilibrium (P) and null allele frequency (F). F, N, V, and P indicate dyes FAM, NED, VIC, and PET respectively, followed by numbers 1, 2, 3, 4 and 5 indicating the five multiplexed sets of primers used.
Locus
Primer (Meglécz et al. 2010) and Primer3 (v2.3. 3) (Rozen and Skaletsky 2000) software.
Primer testing
We selected 59 di-, tri-, tetra-, and penta-base repeat microsatellite loci with a PCR product of 80-480 bp for further development. These loci were trialled for amplification separately in 5 µl reactions containing 10 ng of DNA, 1 x MyTaq reaction buffer (containing 5 mM dNTP and 15 mM MgCl 2 ), 0.5 U MyTaq DNA polymerase (Bioline Reagents), and 0.2 µM of each primer. The following PCR conditions were used: 95 ºC for 3 min followed by 30 cycles at 95 ºC for 30 s, 60 ºC for 45 s, and 72 ºC for 30 s, and a final elongation step at 72 ºC for 5 min. PCR products were visualized on 3 % agarose gels stained with GelRed (Biotium Inc.) alongside a 100 base pair (bp) molecular weight marker (Axygen Biosciences) and visualised under UV light. Forty seven of the 59 targeted loci generated a product of the expected size. These loci were tested for polymorphism using DNA extracted from whole colonial tissue (with tunic) samples of seven distinct colonies collected by hand at Hillarys Boat Harbour (31°49′30.70″S, 115°44′07.71″E), Busselton (33°63′18.49″S, 115°39′31.81″E) and Dampier (20°66′30.50″S, 116°70′13.91″E), WA. From the 47 loci selected, 24 appeared polymorphic when tested across the seven samples and were selected for fragment analysis.
Each of the forward primers for the 24 polymorphic loci selected for fragment analysis was labelled with a fluorescent tag: FAM (GeneWorks), NED, PET or VIC (Applied Biosystems) and variation screened in 68 colonies of D. perlucidum collected by hand while snorkelling at Hillarys Boat Harbour, Perth, WA. PCR products (2.5 µl) were analysed on an ABI 3730 Sequencer, sized using the GeneScan-500 LIZ internal size standard and scored using GENEMARKER software (SoftGenetics).
We used CERVUS (Kalinowski et al. 2007 ) to calculate the number and range of allele sizes, polymorphic information content, observed and expected heterozygosity and the frequency of null alleles for each locus. To test for deviation from Hardy-Weinberg equilibrium and linkage disequilibrium between pairs of loci, we used the online version of GENEPOP 4.0 (Raymond and Rousset 1995) . A sequential Bonferroni correction was applied to the tests for linkage disequilibrium (Rice 1989) .
Results and discussion
Of the 47 loci initially screened, 24 (50%) produced PCR products with clear bands and appeared polymorphic after agarose gel electrophoresis. From these, 17 loci produced genotypes that were consistently scoreable. The number of alleles per locus ranged from two to six and the observed and expected heterozygosities ranged between 0.03 to 0.82, and 0.03 to 0.74 respectively (Table 1) . Twelve of the 17 loci were in HardyWeinberg equilibrium, and there was no evidence of linkage disequilibrium between any pair of loci.
The markers developed here will prove useful in future studies investigating the origins of native and introduced populations of D. perlucidum, and potential high-risk routes of introduction. Such studies will support a science-based management approach to the future prevention, management and/or eradication of this important species.
